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Pulmonary embolismAbstract Background: Trans-thoracic ultrasonography (TUS) has attracted great interest in the
last few years in the diagnosis of some chest diseases that have a high mortality rate.
Objective: This study was conducted to determine the diagnostic accuracy of TUS in patients
with pneumonia and pulmonary embolism. In addition, the sonomorphological changes in both dis-
eases were studied.
Patients and methods: The study population comprised of 17 cases of pneumonia (10 males and 7
females) with a mean age of 52.02 years and 14 cases of pulmonary embolism (9 males and 5
females) with a mean age of 43.4 years. Diagnosis was based on the standard guidelines. Chest
X-rays, arterial blood gases, CT chest and TUS were performed. Lung proﬁle and other sono-
graphic abnormalities were assessed by TUS.
Results: The sensitivities, speciﬁcities and diagnostic accuracies of TUS based on lung proﬁle vs.
CT ﬁndings were 88.2%, 87.5% and 93.5% for pneumonia, 71.4%, 80.9% and 87.1% for pul-
monary embolism, respectively. Chest X-ray was diagnostic for pneumonia in 11/17 cases (sensitiv-
ity 64.7%) whereas TUS was positive in 14/17 (sensitivity 82.4%) with a signiﬁcant higher area
under the curve for TUS vs. chest X-ray (0.84 vs. 0.70, P= 0.02). 82% and 64.3% of patients with
pneumonia and pulmonary embolism, respectively had abnormal parenchymal lesions with most of
these lesions showing no signiﬁcant difference in the two disease entities.
Conclusions: Lung proﬁles that can be detected using TUS can perform well to some extent as a
rapid diagnostic technique among patients with pneumonia and pulmonary embolism. TUS seems
to be superior to chest X-ray in the diagnosis of pneumonia. However, TUS failed to discriminate
between pneumonia and pulmonary embolism on studying their parenchymal lesions.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Pneumonia is considered a major healthcare and economic
problem with a considerable effect on morbidity and mortality
worldwide [1–3]. Currently, chest radiograph (CXR) is recom-
mended for the routine evaluation of a patient suspected of
having pneumonia because medical history and physical exam-
ination cannot provide certainty in this diagnosis [4]. However,
especially in the emergency department setting, CXR might
have many limitations due to patient conditions, waste of time,
and interobserver variability in its interpretation [5].
Computed tomography (CT), on the other hand, is consid-
ered to be the gold standard technique for the diagnosis of
pneumonia, but it is often not available in some areas, has a
high radiation dose, and has a high cost [6]. Because of both
the clinical and the ﬁnancial burdens of pneumonia, efﬁcient
and cost-effective diagnostic options for pneumonia should
be considered.
Pulmonary embolism (PE) is a frequently undiagnosed and
untreated disease. Because signs and symptoms are nonspeci-
ﬁc, the diagnosis of PE may be difﬁcult and requires a high
index of suspicion. Recent technical advances, including
D-dimer and computed tomographic pulmonary angiography
(CTPA) have a signiﬁcant effect on PE diagnosis, increasing
detection rates especially for segmental PE, but not without
a decrease in speciﬁcity [7,8]. Nevertheless, the interpretation
of CT angiograms was incorrect or indeterminate in 9% [9]
to 12% [10] of patients. In addition, complications resulting
from contrast dye administration, radiation exposure and over
diagnosis can occur or it may not be suitable for unstable
patients who cannot tolerate transport for other imaging stud-
ies, thus, alternative methods might help physicians in some
settings [11].
Previously the use of lung ultrasound (US) as a diagnostic
tool was considered unjustiﬁable, on the grounds of conven-
tional knowledge that lungs are ﬁlled with air, and that the
US beam cannot normally pass through air-ﬁlled structures.
Transthoracic ultrasound has become now an important diag-
nostic tool in modern chest medicine as it is a non-invasive,
readily available imaging modality that can complement phys-
ical examination and clinical evaluation [12]. It can be per-
formed at the bedside and has been used successfully to
diagnose pneumothorax, pleural effusion, pneumonia, lung
edema, as well as pulmonary embolism [13–15].
Aim of the work
The aim of this study was to assess the accuracy of bedside
trans-thoracic ultrasonography for the diagnosis of pneumonia
and pulmonary embolism. The sonographic lesions were also
assessed in both diseases.
Patients and methods
Seventeen patients with pneumonia and 14 patients with pul-
monary embolism were studied from those admitted at Chest
Department, Assuit University Hospital during the period
from October 2013–May 2014. The study protocol was
approved by the Ethics Committee of Faculty of Medicine,
Assiut University and informed consents were obtained from
all patients.According to American Thoracic Society guidelines [16],
the suggestive clinical elements of pneumonia were cough,
fever or dyspnea, sputum production, and pleuritic chest pain.
Diagnosis of pulmonary embolism was based on clinical
suspicion on the basis of risk factors for venous thromboem-
bolism (5 cases of postoperative immobilization, 2 cases of
malignancy, 6 cases of previous DVT, and 1 case of nephritic
syndrome), symptoms and signs of PE, such as unexplained
dyspnea, chest pain, tachypnea either singly or in combination.
Diagnosis was conﬁrmed on deep vein thrombosis (DVT) that
was shown by duplex sonography of lower limbs and or posi-
tive computed tomographic pulmonary angiography ﬁndings
with a ﬁlling defect outlined by contrast material [17].
All the patients had been subjected to the following:
– History taking and physical examination.
– Plain chest X-ray.
– Arterial blood gases and laboratory investigations.
– Either high-resolution CT (HRCT) chest or CTPA was
done according to the suspicion of diagnosis and analyzed
by an independent radiologist, who was unaware of clinical
ﬁndings.
– Duplex lower limbs in suspected cases of deep venous
thrombosis.
– Transthoracic ultrasonography (TUS): TUS was performed
in all patients using ALOKA ultrasound diagnostic equip-
ment prosound SSD-3500 (Tokyo, Japan). TUS was done
using both (2.5–5 MHz) convex probe and (7.5–10 MHz)
linear probe for lung and pleura examination.
Ultrasonographic chest examination was done using gray-
scale (B-mode), time- motion mode (M-mode) and color dop-
pler mode.
The following were assessed on TUS [18]:
(1) Lung sliding (the ‘‘to-and-fro” twinkling movement of
the lung during respiration that was visible at the pleural
line).
(2) Artifacts types and lung proﬁles were detected as the
following:
A proﬁle = anterior predominant bilateral A lines
(horizontal hyperechoic lines below and parallel to the
pleural line and associated with lung sliding).
A0 proﬁle = A proﬁle with abolished lung sliding.
B proﬁle = anterior predominant bilateral B lines
(vertical hyperechoic lines arising from the pleural line
that spread all the way to the edge of the screen without
fading) associated with lung sliding.
B0 proﬁle = B proﬁle with abolished lung sliding.
A/B proﬁle = anterior predominant B lines at one side,
predominant A lines at the other.
C proﬁle = anterior lung consolidation.
PLAPS = posterior-lateral alveolar consolidation and/
or pleural effusion syndrome (Fig. 1)
(3) Abnormal sonographic ﬁndings of consolidation in the
form of subpleural, echo-poor region or one with
tissue-like echotexture, with air (dynamic hypere-
chogenic foci) and or ﬂuid bronchograms (anechoic
tubular structures) may be seen within the consolidated
lung. Pleural effusion is seen as a homogeneous, ane-
choic space between the parietal and visceral pleura [19].
Figure 1 Ultrasonograph scan lines and zones of examination. PSL = parasternal line, AAL = anterior axillary line, PAL = posterior
axillary line. The ultrasound probe is held ﬁrmly perpendicular to chest wall. Transducer marker points cephalad.
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sonographically if they had either A proﬁle with positive
DVT or multiple, hypoechoic, subpleural lesions mostly trian-
gular, but are round and polygonal in some cases. A single
hyperechoic structure localized at the center of the lesion
which indicates the presence of air-ﬁlled bronchiole may be
detected in 20% of the patients (central bronchial reﬂex) [19].
Color doppler sonography (CDS) is a dynamic, and reliable
method that can characterize pleuropulmonary lesions on the
basis of the ﬂow signal patterns of their supplying arteries. It
can be used as a qualitative or a quantitative method and pul-
monary lesions have characteristic qualitative CDS patterns
[20], in the current study, we used the qualitative way.
Enhanced, tree-like vascularity extending from the center to
the periphery is a characteristic feature of the consolidated
parenchyma in pneumonia [21] and a lack of vascularity within
the wedge-shaped pleural-based consolidation may suggest
pulmonary infarction [22] (Fig. 2).
Statistical analysis
Date entry and data analysis were done using SPSS version 19
(Statistical Package for Social Science). Data were presented asFigure 2 Patient had pneumonia with AB proﬁle, Anumber, percentage, mean, and standard deviation. Student’s
t-test and Chi-square test were used to compare quantitative
and qualitative variables, respectively. ROC curve analysis
was used for calculation of sensitivity, speciﬁcity, positive pre-
dictive value, negative predictive value, area under the curve
and accuracy as follows:
Sensitivity = true positive/(true positive + false nega-
tive)  100.
Speciﬁcity = true negative/(true negative + false posi-
tive)  100.
Positive predictive value (PPV) = [true positive/(true posi-
tive + false positive)]  100.
Negative predictive value (NPV) = [true negative/(true
negative + false negative)]  100.
Accuracy = [(true positive + true negative)/(true positive
+ true negative + false positive + false negative)]  100.
P-value was considered statistically signiﬁcant when P is
<0.05*.
Results
Table 1 shows that patients of pneumonia were signiﬁcantly
older than that of pulmonary embolism (52.05 vs. 43.4,proﬁle on right side and B proﬁle on the left side.
Table 1 Descriptive data among the studied patients.
Variable Patients with
pneumonia (n= 17)
Patients with pulmonary
embolism (n= 14)
P-value
Age (years)
Mean ± SD 52.05 ± 10.8 43.4 ± 11.2 0.03*
Gender
Male 10 9 0.9
Mean age 51.3 ± 8.2 45.7 ± 4.5
Female 7 5
Mean age 53.1 ± 6.5 39.6 ± 6.4
PH
Mean ± SD 7.42 ± 0.10 7.44 ± 2.3 0.9
PaO2 (mmHg)
Mean ± SD 47.7 ± 5.1 51.6 ± 3.4 0.02*
PaCO2 (mmHg)
Mean ± SD 32.8 ± 5.6 32.3 ± 7.8 0.8
* Signiﬁcant.
624 S.S. Sayed et al.P= 0.03). In addition, mean PaO2 was signiﬁcantly lower in
patients with pneumonia than those with pulmonary embolism
(47.7 mmHg vs. 51.6, P= 0.02).
Fig. 3 shows ROC curve for the comparison of TUS and
chest X-ray with CT among all patients with pneumonia, it
was found that sensitivity of TUS was 82.4% with a speciﬁcity
of 70%, a positive predicted value of 70% and a negative pre-
dicted value of 82.3%. While sensitivity and speciﬁcity of chest
X-ray were 64.7% and 77.8%, respectively with positive and
negative predicted values of 73.3% and 70%, respectively.
On calculating AUC for both, it was found that TUS had a
signiﬁcantly higher AUC than that of chest X-ray (0.84 vs.
0.70, P= 0.02) (see Table 3).
On analyzing sonographic ﬁndings among the studied
patients, it was found that the echotexture of lung parenchy-
mal lesion was signiﬁcantly heterogenous in patients with
pneumonia than those with pulmonary embolism (78.6% vs.Figure 3 ROC curve for chest sonar and chest -X-ray for the
diagnosis of pneumonia.27.2%, P= 0.02) and air bronchogram was signiﬁcantly more
in pneumonia (78.6% vs. 22.2%, P= 0.03). As regards
patients with pulmonary embolism, central bronchial reﬂex
was more signiﬁcantly found among them than in patients with
pneumonia (77.8% vs. 7.1%, P= 0.001) (Table 4).
Discussion
On analyzing our ﬁndings, we found that the most frequent
lung proﬁles among pneumonia cases were AB proﬁle,
A + PLAPs (35.3% for each) and B0-proﬁle (23.7%) (Table 2).
Pneumonia can present with multiple proﬁles, Lichtenstein
and Mezie`re [23] found that the most frequent proﬁles were
A + PLAPs (42.1%), C-proﬁle (21.6%) and AB proﬁle
(14.4%). Another study by Elkholy et al. [24] found extremely
predominant A + PLAPs proﬁle with trivial other proﬁles.
On assessing the sensitivities of the studied proﬁles for the
diagnosis of pneumonia, we found that ultrasound lung pro-
ﬁles (AB, A + PLAPs, B0) had a sensitivity of 88.2% as there
were 15 true positive cases, speciﬁcity of 87.5% (14 true nega-
tive cases) and accuracy of 93.5%. Lichtenstein and Mezie`re.
[23] and Elkholy et al. [24] found sensitivities of 89% and
88%, respectively and speciﬁcity of 94% on using these same
proﬁles. Similarly Neto et al. [25] found a sensitivity of 88%
and speciﬁcity of 90% for these proﬁles collectively in the diag-
nosis of pneumonia.Table 2 Sonographic lung proﬁles among the studied
patients.
Variable Lung proﬁle No. %
Patients of pneumonia
(n= 17)
AB 6 35.3
A proﬁle + PLAP 6 35.3
B0 proﬁle 4 23.7
C proﬁle 1 5.7
Patients of pulmonary
embolism (n= 14)
A proﬁle 7 50
A0 proﬁle 3 21.4
AB proﬁle 2 14.3
C proﬁle 2 14.3
Table 3 Accuracy of ultrasound proﬁles vs. CT ﬁndings among the studied patients.
Studied patients Predominant proﬁle Sensitivity (%) Speciﬁcity (%) PPV (%) NPV (%) Accuracy AUC
Pneumonia (n= 17) AB, A + PLAPs, B0 88.2 (15/17) 87.5 (14/16) 88.2
(15/17)
87.5
(14/16)
93.5
(29/31)
0.89
Pulmonary embolism (n= 14) A, A0 71.4 (10/14) 80.9 (17/21) 71.4
(10/14)
80.9
(17/21)
87.1
(27/31)
0.43
PPV= positive predicted value, NPV= negative predicted value, AUC= area under the curve
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nia other than lung proﬁle and found that these ﬁndings had a
sensitivity of 82.4% and speciﬁcity of 70% for the diagnosis of
pneumonia in comparison with chest X-ray which had a sensi-
tivity of 64.7% and speciﬁcity of 77.8% (Fig. 3). Low speci-
ﬁcity of chest sonar (6 false positive cases) in comparison to
chest X-ray (4 false positive cases) could be attributed to one
of the limitations of chest sonography in that it is an operator
dependent modality (see Fig. 4).
Nafae et al. [26] found sensitivity and speciﬁcity of chest
sonography in pneumonia as 97.5% and 77.5%, respectively
in comparison to chest- X-ray (75% and 60%, respectively).
Bourcier et al. [27] found a sensitivity and speciﬁcity of TUS
(95%, 60%, respectively) and that of chest-X-ray (57%,
76%, respectively) for diagnosing pneumonia.
On assessing the sonomorphological parenchymatous
lesions characteristic of pneumonia in the current study
(Table 4), it was found that fourteen patients had parenchymal
lesions (82.4%) and 3 cases (17.6%) had no lesions. The nor-
mal sonographic ﬁndings among these 3 cases could be attrib-
uted to that ultrasound cannot detect areas of consolidation
not abutting pleural surface.Table 4 Sonographic ﬁndings of patients with pneumonia and
pulmonary embolism.
Variable Pneumonia
(n= 17)
Pulmonary
embolism (n = 14)
P-value
No. % No. %
Lung parenchyma
-Normal 3 17.6 5 35.7 0.46
-Abnormal 14 82.4 9 64.3
Shape of abnormality
-Irregular 8 57.1 1 11.1 0.08
-Rounded 2 14.3 3 33.3
-Triangular 4 28.6 5 55.6
Echo texture
-Heterogenous 11 78.6 2 27.2 0.02*
-Homogenous 3 21.4 7 77.8
Air bronchogram
-Present 11 78.6 2 22.2 0.03*
-Absent 3 21.4 7 77.8
Color ﬂow signal on doppler
-Absent 1 7.1 4 44.4 0.1
-Present 13 92.9 5 55.5
Central bronchial reﬂex
-Present 1 7.1 7 77.8 0.001*
-Absent 13 92.9 2 22.2
Pleural eﬀusion
-Present 7 50 3 33.3 0.7
-Absent 7 50 6 66.7Regarding the shape of consolidating area, 8 cases (57.1%)
had irregular shape, 4 cases (28.6%) had triangular shape and
2 cases (14.3%) had rounded shape. This was consistent with
the ﬁndings of Reissig and colleagues [28] who found that
the consolidating areas were mostly irregular and they are
polygonal (43–51%) or oval (40–46%). Another study by
Agmy and Ahmed [29] found irregular shaped consolidation
in 61%, and oval and or rounded in 38.9%.
In patients with pulmonary embolism, the most frequent
lung proﬁles were A proﬁle + PLAPs (50%), A0-proﬁle
(21.4%), AB and C proﬁles (14.3% for each) (Table 2). This
was in agreement with the result of Elkholy et al. [24] who
found that the most frequent proﬁle in pulmonary embolism
group was A + PLAPs (55.6%) followed by A and A0 together
(44.4% for each). The presence of A0 proﬁle could be explained
by inﬂammatory adherences due to the exudate of the infarct
area, asthma like clinical presentation with tachypnea and
action of accessory muscle which impair accurate evaluation
of lung sliding [30].
However Lichtenstein and Mezie`re [23] found that the
interpretation of lung proﬁles must always be done in context
of the clinical impression as lung proﬁles may not be enough to
establish a speciﬁc diagnosis, since it can be linked to different
pathologic conditions.
Regarding pulmonary embolism, our study found a sensi-
tivity of 71.4% (10 true positive cases), speciﬁcity of 80.9%
(17 true negative cases) and accuracy of 87.1% for A-proﬁle
of TUS. Previous studies used chest sonography to diagnose
pulmonary embolism have a reported rates for sensitivity of
70–94% and speciﬁcity of 70–95%, and an accuracy of 84–
91% on using lung proﬁles [31–33].
About 70% of PE originates from a deep venous thrombo-
sis of the lower extremities. In our study, 6 patients (42.8%)
had a DVT on duplex of lower limbs, so the search for venous
thrombosis should be associated with lung proﬁle analysis in
cases of suspected pulmonary embolism.
However, Mohn and colleagues [34] found some disap-
pointing results about the accuracy of lung ultrasound in
excluding or conﬁrming pulmonary embolism. They concluded
that lung sonography could be useful as a bedside method
when combined with other non-invasive tests such as sonogra-
phy of the lower limb and D-dimer testing, in patients with
suspected PE.
In our study (Table 4) sonographic lung examination
among pulmonary embolism was normal in 5 cases (they had
only central pulmonary embolism with positive CTPA with
no areas of infarction) and abnormal in 9 cases (64.3%) (cen-
tral pulmonary embolism with peripheral parenchymal
lesions). This was close to the result obtained by Reissig and
coworkers [35] who found that in 70–80% of cases, central pul-
monary embolism is accompanied by peripheral lesions that
are detectable by TUS.
Figure 4 Patient clinically had symptoms of pneumonia, on PA and lateral CXR show no signs of pneumonia (A and B), whereas CT
scan (C) conﬁrmed the right basal consolidation that is shown by lung US also (D).
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lism was triangular in 55.6% and homogenous in 77.8% in
comparison with pneumonia (21.4%), this was in agreement
with the result of Comert et al. [36] who found that the shape
of parenchymatous lesions in PE was wedge shaped and
homogenous early, and non homogenous later in 85% of cases
(Fig. 5).
Air bronchogram was signiﬁcantly seen in patients with
pneumonia (78.6%) and pleural effusion in 50% of cases. In
another study [37], air bronchogram was detected in 70–97%
and pleural effusion was reported in 34–61% of cases.A
Figure 5 (A) Lung ultrasound showing subpleural triangular hypoec
same patient showing area of pulmonary infarction on the right loweCentral bronchial reﬂex was found signiﬁcantly among pul-
monary embolism patients in comparison with pneumonia
(77.8% vs. 7.1%, P= 0.001). Reissig and colleges [28], also
found central bronchial reﬂex in 7% of cases with pneumonia.
In our study the presence of central bronchial reﬂex signiﬁ-
cantly in patients with pulmonary embolism could be
explained by the presence of old onset pulmonary infarct at
the time of sonographic examination as in early onset infarct;
central bronchial reﬂex and air bronchogram are rarely
detected as the amount of air contained in these consolidations
can be very low due to the hypoxic constriction of the afferentB
hoic lesion in a case of pulmonary embolism. (B) CT chest of the
r lobe.
Figure 7 Case of pneumonia, color doppler shows an accentu-
ated, regular pattern of circulation.
Figure 6 Case of pulmonary embolism shows triangular sub-
pleural lung consolidation, vascular sign at the margin, not central
on color doppler.
Diagnostic performance of trans-thoracic sonography 627bronchus and/or its compression by the exudates and/or the
alveolar collapse following surfactant loss and extravasation
of liquids and erythrocytes [38].
In our study color ﬂow signal was absent only in 44.4% of
patients with pulmonary embolism while absent in 7.1% of
patients with pneumonia. This was contrary to the study by
Reissig and colleges [28] who found no color ﬂow signal with
absent vascularization in all cases of pulmonary embolism.
Mathis et al. [39] found that color-coded doppler sonography
is a problematic procedure for diagnosing peripheral PE since
many lesions tend to reperfuse early (which could explain the
presence of 55.5% of cases with color ﬂow signal among PE
in the current study). However, in some cases, a characteristic
circulation stop was found (Figs. 6 and 7).
Pleural effusion was detected in 33.3% of pulmonary embo-
lism cases, this was in agreement with the result of Comert
et al. [36] who found basal pleural effusion in 17.4% and local-
ized effusion in 21.7% of cases. Pleural effusion was present in
50% of cases of pneumonia in our study, and local pleural
effusion was reported in 9–42% of community acquiredpneumonia patients in other studies [40,41]. The presence of
pleural effusions in the current study with nearby ratios in
both pneumonia and pulmonary embolism conﬁrms it to be
a non-speciﬁc sonographic ﬁnding.
On analyzing these parenchymal lesions of sonography
among patients with pneumonia and pulmonary embolism, it
was found that TUS had more limitations than advantages
in the differentiation of pneumonia and pulmonary embolism
as there was no signiﬁcant difference among most of these
lesions in 2 disease entities. Even though the absence of color
ﬂow signal in pulmonary embolism was not present signiﬁ-
cantly in this study than in patients with pneumonia.
Conclusions
Lung proﬁles that can be detected by TUS are a rapid and sim-
ple technique that can help in the diagnosis of pneumonia and
pulmonary embolism with moderate sensitivities. This study
shows the superiority of TUS to chest X-ray for the diagnosis
of pneumonia that can be of great advantage especially in
patients where transportation to radiology unit may be
problematic.
Trans-thoracic sonography can’t discriminate between
pneumonia and pulmonary embolism as the difference
between the two diseases is not robust enough to discriminate
between them. Consequently we better rely on other imaging
modality like CTPA for a deﬁnite diagnosis of pulmonary
embolism.Conflict of interest
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